Being a real concern of any society, environmental quality has received much attention in economic literature. However, the role that the institutional context plays in environmental issues is still an open question. Since the environment and institutional context are closely interrelated through government regulation, the investigation on the relationship between environment-institutions represents a fruitful terrain for economic research. Our aim is to design research notes to study this relationship using theoretical and empirical approaches, by modelling the institutional context and estimating its impact on the environment. Our notes could also shed fresh light on the issue of environmental policies and their implementation in emerging and developing economies.
Introduction
Issues regarding the quality of the environment represent a real and current concern for modern society. The existence of trade-offs between economic growth and environment, can lead conflict situations and market failures. The achievement of an equilibrium of these trade-offs is possible however through government regulation. The implementation of economic policies by the regulator, in turn, depends on the quality of the institutional context that exists in a given society. Therefore, the analysis of the relationship between environmental and institutional aspects is important to achieve the goal of sustainable economic development.
In these notes we analyse the relationship between the environment and institutional context at theoretical and empirical level. In particular, we aim to demonstrate how the reinforcement of the institutional context influences the application of environmental policies and the diffusion of new technologies, and to verify the impact of institutions on the quality of the environment and, therefore, on social welfare.
The impact of the institutional context on the environment is one of the open questions in economic literature that tends to focus on specific cases and sectors and analyses single institutions or sets. Instead, a more complex analysis of institutions and their interaction with environment may be necessary to understand the internal processes involved and to propose variants of environmental policies to increase social welfare. Two interdependent reasons support this argument. First, the application of instruments for environmental protection rarely occurs without state intervention and, therefore, must comply with regulation. Second, regulation, in turn, greatly depends on the strength of the institutional context in society. These arguments make it necessary to provide a more complete analysis of the effects of institutional context on environmental policies as well as on evaluating its impact on environmental quality.
To reach these goals, we move in three research directions. The first considers the construction of a theoretical model to show that environmentally friendly technology adoption by firms is heavily dependent upon the degree to which the rules are enforced.
The second direction of the research offers a mathematical simulation of the theoretical model and illustrates how the reinforcement of the institutional context influences the adoption of environmental technologies, the application of environmental taxes and subsidies and the standard of pollution abatement.
The third direction is dedicated to the empirical analysis of the relationship between the environment-institutional context and offers an econometric estimation of two models. The first is built to study the cointegration between the institutional context, instruments for environmental protection and economic performance. The second econometric model analyses the impact of the institutional context on pollution levels to estimate how the quality of the institutional context influences emission levels and identifies its impact on the position of the turning point of the Environmental Kuznets Curve (EKC).
Critical Literature Review
A definition of the characteristics of the institutional context that influence positively environmental protection is of great interest both in developing and developed countries. In fact, the creation of strong institutions, through clear legislation, financial and political stability, defined property rights and a stable banking system, is considered to be one of the most effective instruments of environmental protection. Recent studies demonstrate that the development of the institutions is a complex process that does not follow any single rule and differs from country to country, which creates difficulties in defining and analysing the institutional context.
Theoretical and Empirical Research on Institutions
While empirical research on the effects of the institutional context on economic performance is well developed, theoretical research in this field is quite limited. The theoretical approach usually concentrates on the analysis of a single institution or a set of institutions and does not consider the entire institutional context. Difficulties in measuring and ambiguity in defining institutions are probably responsible for this. Public institutions are frequently analysed in models that describe the influence of institutions on economic performance [1, 2] . A part of this research concentrates on the effects of corruption [3] and rent-seeking [4] . These studies confirm the negative impact of legal and illegal rent-seeking on economic performance, even though some authors [5, 6] find a positive influence, mostly in the short term, confirming that the reinforcement of the institutional context is necessary in the long run [7] .
Another type of institution analysed in the literature is the rule of law which is fundamental for the implementation of environmental policies. The rule of law is usually measured in terms of the protection of property rights. Among the most important studies in this field are those of [8] and [9] , which confirm the importance of property rights protection for economic growth. Other studies consider the rule of law to be the application of contracts that limit conflicts in society [10] , or the legitimacy with which the regulator provides security for citizens [11] . Finally, the rule of law is considered by [12] and [13] to be the foundation of a society's legal origins. Although there are many studies dedicated to the rule of law, to the best of our knowledge, there is no work that analyses this institution specifically in terms of the environment.
Undoubtedly, the above models make an important contribution towards exploring the links between institutions and economic performance, but they represent only a partial analysis of the institutional context. An exception is the [14] model of organisational choice that describes the entire institutional context by utilising a parameter that reflects institutions in general, given that it refers to corruption, the legal system, economic stability and other factors simultaneously. Following [15] , who introduce the parameter as measure of institutional strength, we take the [14] approach as a point of departure for institutional modelling.
As for empirical research, various models have been developed to analyse the impact of institutions on economic performance. It is important to stress that the complex nature and behaviour of institutions leads to wide divergences from one author to the next. The variables that reflect the institutional context are often based on indices, evaluation by experts and ratings. Therefore, empirical analysis often results in a correlation between independent variables, rendering the models less robust. Among the studies in this field, the institutions that are usually analysed are property rights [9] , legal origins [16] , cultural aspects [17] and economic stability [18] . A large number of models study the impact of the rule of law, property rights protection and corruption [19] [20] [21] [22] on economic growth. Yet, there is no model that aims to test the effects of a wide range of institutions in order to obtain a picture of the broader institutional context.
Research on Environment and Institutional Context
The analysis of the links between the environment and the institutional context is still largely unexplored, particularly at the theoretical level. This is due to the difficulties in introducing an institutional context into theoretical models, given that current literature does not clearly define what the institutional context is or how it is measured. Empirical models that aim to demonstrate results achieved at a theoretical level encounter other difficulties. While generally there is no problem collecting data on institutions, there is a problem with the availability of data about environmental policies and instruments of environmental protection at international level. In fact, most empirical studies concentrate on data in specific sectors. As a consequence, the models that study links between the environment and institutions have problems covering both theoretical and empirical approaches and do not fully capture the relationship between the institutional context and the environment. Among the studies of interest is that of [23] , which presents a study on the interdependence of economic openness, income and pollution, estimating cross-country data, to verify the cointegration of these three variables and their endogeneity. The first model of the empirical part of the present research applies a similar approach but unlike from [23] , focus on the links between the institutional context, economic performance and the application of instruments for environmental protection, by applying co-integration analysis for panel data.
Also crucial to the present research is the [24] model dedicated to the analysis of government policy in the adoption of environmental technology. This model evaluates the influence of economic openness on the adoption of environmental technologies in the coal industry. A similar model is that of [25] , who demonstrate that the instruments for environmental protection can be more efficient in presence of more flexible state policies, taking the oil industry as an example. Other studies analyse the diffusion of new environmental technologies and the level of pollution in relation to persisting rent-seeking activities and the corruption of economic agents [25, 5] . Another branch of studies analyses the participation in international environments treaties [27, 28] . These studies are also dedicated to the environment -institutions relationship but consider only single institutions and specific environmental issues. The second empirical model of the present research aims to involve more institutions to evaluate their impact on the quality of environment and on the level of pollution at a global level.
In sum, currently there are no studies that fully capture both the theoretical and the empirical levels of the relationship between the environment and the institutional context. The present research aims to address this lacuna, and builds a theoretical model that captures the institutional context, analysing it with respect to the environmental aspects and estimating their relationship at international level.
Theoretical and Empirical Modeling
The construction of a theoretical model aims to formalise the interaction between the state and the production sector in the process of adoption of new environmental technologies at a microeconomic level, taking into consideration the institutional context. The model is represented in the form of a static game with imperfect information, created using the backward induction technique and offering a 'second-best' solution due to the presence of market failures. In particular, the model describes an economy in which firms use polluting technology, transferring a disutility to all economic agents. The regulator, whose role is to improve social welfare, provides incentives to firms to apply environmental technologies by offering subsidies to those firms that change the type of technology they use and imposing taxes on those who continue to utilise the old technology. To verify the choice of technology, the regulator employs inspectors who monitor the firms. The inspectors transfer the funds from state to production sector and vice versa.
It is assumed that the information is incomplete on three levels. The first is an uncertainty regarding the honesty of the inspector. The second is the uncertainty connected to the monitoring of the firms, a casual process. The last level concerns the quality of the institutional context, captured by the interaction between the firm and the dishonest inspector. The parameters of the institutional context are defined as a relationship between the administrative capacity of the regulator and the degree of weakness of the institutions (for example, the presence of corruption, undefined property rights, a weak legal system, and rule of law). The value of the coefficients is uncertain.
The role of the regulator is to achieve the adoption of environmentally-friendly technologies, respecting the constraints of budget, rent-seeking and technology. The regulator intervenes in the production sector only if intervention leads to an increase in social welfare. If the regulator does not intervene, the market for environmental technology fails.
In the case of state intervention, the second-best solution is influenced by the quality of the institutional context that determines the allocation of economic agents, the level of social welfare and the standard of pollution abatement. The model shows that the reinforcement of the institutional context limits the use of polluting technologies at a lower cost to the regulator and with fewer inspectors. In the case of a strong institutional context, even low pollution levels can be neutralised by intervention of the regulator.
The mathematical simulation of the model is produced to investigate how the results can change if institutional parameters are modified. Thus we simulate a scenario in which the regulator can respond to the reinforcement of the institutional context by using taxes, subsidies and efficiency wages. In this way, the simulation allows the possible environmental policies to be evaluated under different institutional conditions.
The empirical model is focused on exploring the links between the environment and the institutional context, verifying the results obtained through the theoretical approach. The model aims to measure the correlation be-tween the institutional context, the application of instruments of environmental protection and economic performance in low and high income countries. The comparative analysis of the results from different groups of countries is important, given that the groups differ in their institutional contexts.
It is often maintained that an increase in income in a country that is given to the reinforcement of the institutional context implies an increase in the demand for environmental protection, and therefore, for the adoption of environmentally-friendly technologies. Therefore, the reinforcement of the institutional context can create the win-win situation in the sense that it improves both the application of environmental protection instruments and the level of income of the country. Alternately, if the reinforcement of the institutional context does not coincide with an increase in income, environmental protection instruments are more difficult to apply.
In considering the instruments applied for environmental protection, we can refer to the Environmental Kuznets Curve (EKC), a concept, that emerged in the early 1990s with [29] seminal paper, positing that environmental degradation first increases and then falls with increasing per capita income. This mechanism can be similar to that of the application of instruments for environmental protection, assuming that with the increase in income the application of these instruments first goes up and, once it has reached the turning point, goes down, probably due to the reinforcement of the institutional context.
In order to illustrate the links between the institutional context, instruments for environmental protection and income, we take into consideration the institution of the rule of law and define income ( Y ) as a function of the rule of law ( RoL ) and of other exogenous variables
The instruments for environmental protection (E) are defined as a function of income (Y) and production technology ( 2 Z ):
By substituting Equation (1) in (2) the following model is obtained:
This relationship is estimated by applying the vector autoregression model (VAR) that is considered to be suitable for the study of endogeneity and casual mechanism problems. In this model, the VAR approach can determine the dynamic effects of the variables and test their endogeneity in the long run.
Given the lack of observations regarding application of the instruments for environmental protection the analysis requires the construction of panel data. The data related to this variable were revealed only recently. The sole source of this data, to the best of our knowledge, is provided by Eurostat, which keeps statistics for five different kinds of environmental taxes from 1996 through 2008. Data related to the income of European and other world countries are provided by the World Bank. The rule of law index is provided by [30] and covers a wide range of measures, such as contract enforcement for 168 countries. The available data, however, is not complete, and requires the addition of certain variables through the application of auxiliary regressions.
The second empirical model is dedicated to the comparative analysis of the impact of the quality of institutional context on pollution levels in developing countries (including transition economies) and developed countries. This analysis is necessary because former socialist countries are defined by a persistent weak institutional context that favours rent-seeking activities that has a negative effect on the environment.
Some indicators on the institutional context are provided by the European Bank of Reconstruction and Development for the economies of Central Europe and the former Soviet Union. The indicators are based on four important factors: entrepreneurs and families, markets, financial institutions and the legal system. Based on these factors, ten international classifications of institutional context were created. As for environmental pollution, the World Bank provides data on various types of emissions among which that of carbon dioxide is the most widespread and frequently used.
The following linear model is estimated for panel data obtained for the analysis:
where Pol is a dependent variable of environmental pollution in country i at time t , jit x are the sets of indicators of institutional context that influence pollution levels, and kit y are country specific variables. The existence of links between the institutional context, income and pollution are confirmed by the analyses of the first and the second empirical models. This result allows us to understand how the reinforcement of the institutional context influences the position of the EKC turning point in different groups of countries. A number of studies [31] demonstrate that some developed countries with high levels of income have already reached the turning point of pollution on the EKC and, therefore, the maximum level of application of environmental protection instruments. This may be due to the reinforcement of the institutional context that, as demonstrated by the theoretical model, implies lesser costs to improve the quality of environment.
Preliminary Results
The elaboration of the above models provides some important insights on the study of the relationship between institutional context and environment. Preliminary results of the theoretical model demonstrate that institutional enforcement has a significant influence on the decisions of a regulator to undertake environmental policy. Stringent institutions promote environmental policy application, leading to improvements of pollution abatement standard and of the quality of environmental protection. We also demonstrate that under a stringent rule of law, the establishment of a pollution abatement standard is more efficient and leads to the neutralization of even low levels of pollution. Moreover, with a reinforced rule of law, external harm may be neutralised with lower costs of regulator intervention not only because rentseeking activities are discouraged, but also because fewer inspectors are needed to enforce policies.
The preliminary findings of the theoretical model are confirmed by empirical estimations of the two econometric models developed, as an example, for Western and Central European countries. Preliminary results of the econometric first model confirm the presence of cointegrated relationship between environmental protection, expressed by environmental taxes [32] , rule of law index [30] and income per capita [33] . Rule of law is taken into consideration given that it plays an important role in environmental policies, reflecting the quality of institutional context. The second empirical model further explores the above relationship, referring to the Environmental Kuznets Curve (see among recent studies [34] [35] [36] [37] ), investigating on income-pollution path. For the sample of European countries we find the evidence for EKC for carbon emissions [32] . Moreover, for the same data we test a similar to EKC relationship between environmental protection and income, where the amount of taxes paid for environmental protection first increases and then declines beyond a certain level of per capita income (turning point). Our results show that the behavior of the curve, and the position of the turning point, depend significantly on the stringency of institutions. In the case of strong rule of law, the turning point of the EKC occurs at a lower level of income per capita, thus, decreasing emissions.
Conclusions
These research notes have allowed us to investigate the relationship between the environment and institutional context, an issue of great importance for any contemporary society that aims to undertake sustainable economic development. Despite its importance, the economic literature does not dedicate much attention to the relationship between the environment-institutional context; this is mostly due to the problems related to the difficulties in introducing institutions in theoretical models and in obtaining environmental protection data for empirical estimations. Our work aims to overcome these lacunae and offers a way to formally build up the institutional context at theoretical level and to empirically estimate its impact on the environment. The designed theoretical model based on microeconomic factors captures the interaction between the state and the productive sector during the process of institutional transformation. The model is expected to demonstrate that institutional reinforcement implies a more stringent adoption of environmental technologies, decreasing their costs and increasing social welfare, and leads to more efficient pollution abatement standards. Reinforced institutions decrease the cost of environmental policy implementation and limit the draining of public resources by rent-seekers.
The first empirical model is expected to demonstrate the existence of a long-term equilibrium between the rule of law and the application of instruments for environmental protection in developed and developing countries. A strengthening of the rule of law leads to a win-win situation, in which the application of instruments for environmental protection becomes more effective together with improved economic performance of the country.
The second empirical model is expected to find the extent to which different components of the institutional context influence environmental degradation in different groups of countries, investigating which institutions have crucial importance on environmental quality. This model checks for the dependence of the position of the turning point of EKC on the strength of the institutional context in different groups of countries.
By investigating the links between environment and institutional context on both theoretical and empirical levels, our research could also shed new light on the issue of environmental policies and their implementation in emerging and developing countries.
